Background: The complex study of adipose tissue in women with type 2 diabetes mellitus (T2DM) is of importance for the clinical course and prognosis of the disease. Aim: To study the distribution of adipose tissue in Bulgarian females with T2DM.
Type 2 diabetes mellitus (T2DM) is a metabolic disease characterized by a failure to properly metabolize glucose due to a resistance to insulin. In recent years the disease has acquired many traits which could describe it as a social problem, and this is due to the rapidly rising number of individuals suffering from the condition. Globally, as of 2010, it was estimated that there were 285 million people with T2DM which is equivalent to about 6% of the world's adult population. 1 The number of diabetes mellitus patients in Europe is expected to increase from 52 millions in 2014 to 68.9 millions by 2035, mostly due to increases in overweight and obesity, unhealthy diet and physical inactivity, according to the International Diabetes Federation. It's about 10.3% of men and 9.6% of women aged 25 years and over. In Bulgaria around 8-9% of the population suffers from the disease. Most researchers are interested in the etiology, pathogenesis, clinical course and treatment of the disease. The anthropological status of diabetic patients enjoys little attention. Fat accumulation in the diabetic patients occurs primarily in two locations: in the abdomen (central, abdominal, visceral) and subcutaneously (peripheral). Common opinion holds that fat accumulation in the abdominal area is a risk factor for T2DM. [2] [3] [4] [5] There has been very little research on the subcutaneous distribution of adipose tissue. The relevant literature offers little data on the complex deposition of adipose tissue in patients with T2DM.
AIM
The aim of this study was therefore to investigate the distribution of adipose tissue in 40-60-year-old Bulgarian females with T2DM.
PATIENTS AND METHODS
Ninety-two women with T2DM were included in the study. They were diagnosed by an endocrinologist and recruited from the Clinic of Endocrinology of St George University Hospital at the Medical University of Plovdiv, Bulgaria. The inclusion criteria were Bulgarian ethnicity, duration of the disease of no less than fi ve years, compensated diabetes at the time of study, age range 40-60 years (mean 52.87±0.56 SEM). The control group included 40 age-matched women (mean 51.33±0.93 SEM). The exclusion criteria were previous or existing metabolic, oncological or other disorder that could compromise the anthropological study. The anthropological methods we used included:
Direct measurement parameters: Besides patient's height and weight, skinfold (sf) thicknesses were measured at 9 locations -sfTriceps, sfBiceps (brachii), sfForearm, sfSubscapular, sfXrib, sfAbdomen, sfSuprailiaca, sfThigh, and sfCalf, using Harpenden Skinfold Calipers (British Indicators Ltd) at standard sites on the right side of the body.
Bioelectrical 
RESULTS
While in terms of age and height we found no difference between the mean values of the two studied groups, a signifi cant difference was found between the means of weight -the value of diabetic females Table 1) . The thickness of sfTriceps (brachii) of the diabetic females was signifi cantly lower than the controls (p<0.05). The former, however was thicker in comparison to the sfBiceps and sfForearm of diabetic females. Also sfTriceps was thinner than sfSubscapular, sfXrib and sfAbdomen (ANOVA, p<0.001). The correlation analysis revealed a positive correlation (p<0.001) between the thicknesses of sfTriceps and other skinfolds, as follows: the correlation was high to sfThigh (r=0.78) and sfCalf (r=0.73); strong -to sfBiceps, sfSubscapular, sfForearm, sfSuprailiaca, sfAbdomen, and sfXrib (r=0.50-0.70)
The thickness of sfSubscapular of the diabetic females was not different from the controls. The sfSubscapular of diabetic women, however, was thicker in comparison to the sfTriceps, sfSuprailiaca, sfBiceps, sfForearm and sfCalf of the same women (ANOVA, p<0.001). The correlation analysis revealed a positive correlation (p<0.001) between the thicknesses of sfSubscapular and other skinfolds as follows: strong correlation to sfXrib, sfBiceps, sfSuprailiaca, sfTriceps, sfForearm, sfAbdomen, and sfCalf (r=0.50-0.70); moderate correlation to sfThigh.
The thickness of sfXrib of the diabetic females was signifi cantly higher than that of the controls (p<0.01). The sfXrib of diabetic women was thicker than these of sfTriceps, sfSuprailiaca, sfBiceps, sfForearm, and sfCalf of the same women; it was, however, thinner than sfAbdomen (ANOVA, p<0.001). The correlation analysis revealed a positive correlation (p<0.001) between the thicknesses of sfXrib and other skinfolds, as follows: strong correlation to sfBiceps, sfAbdomen, sfSuprailiaca, sfSubscapular, sfForearm, sfTriceps, sfThigh, and sfCalf (r=0.50-0.70).
There were not statistically signifi cant differences in the thicknesses of sfSuprailiaca between diabetic females and healthy controls. SfSuprailiaca of diabetic women was thicker in comparison to the sfBiceps, and sfForearm of the same women, but it was thinner than sfSubscapular, sfXrib, and sfAbdomen (ANOVA, p<0.001). The correlation analysis revealed a positive correlation between the thicknesses of sfSuprailiaca and other skinfolds, as follows: high correlation to sfAbdomen in the same topographical area (r=0.76); strong correlation to sfXrib, sfSubscapular, sfForearm, sfTriceps, sfBiceps, and sfCalf (r=0.50-0.70); moderate -to sfThigh.
There were no statistically signifi cant differences in the thicknesses of sfAbdomen between diabetic females and healthy controls. SfAbdomen was the thickest skinfold among al studied skinfolds in diabetic women.
It was thicker than the sfForearm, sfCalf, sfTriceps, sfSuprailiaca, sfSubscapular, sfBiceps, sfThigh, and sfXrib (ANOVA, p<0.001). The correlation analysis revealed positive correlation between the thicknesses of sfAbdomen and other skinfolds (p<0.001), as follows: high correlation to sfSuprailiaca (r=0.76); strong -to sfXrib, sfForearm, sfSubscapular, sfTriceps, sfBiceps, and sfCalf (r=0.50-0.70); moderate -to sfThigh.
The thickness of sfBiceps in the diabetic females was lower than the controls, but the difference did not reach statistical signifi cance (p>0.05). SfBiceps was thicker than the sfForearm of diabetic women but it was thinner than the other skinfolds of the same women (ANOVA, p<0.001). The correlation analysis revealed positive correlations with the thicknesses of the studied skinfolds (p<0.001). The correlation was high with sfForearm (r=0.83) and sfCalf (r=0.74); strong -with sfXrib, sfTriceps, sfSubscapular, sfThigh, sfAbdomen, and sfSuprailiaca (r=0.50-0.70).
The thickness of sfThigh in the diabetic females was signifi cantly lower than the controls (p<0.001). SfThigh was thicker than sfCalf, sfForearm, sfBiceps, but thinner than sfAbdomen (ANOVA, p<0.001). The correlation analysis revealed positive correlation with the thicknesses of the other studied skinfolds (p<0.001). The correlation was high with sfTriceps (r=0.78) and sfCalf (r=0.71); strong -with sfBiceps, sfForearm, sfXrib (r=0.50-0.70); moderate -with sfSubscapular, sfAbdomen, and sfSuprailiaca.
There was not any signifi cant difference in the thicknesses of sfForearm between diabetic females and healthy controls. SfForearm was the thinnest among the other studied skinfolds (ANOVA, p<0.001). The correlation analysis revealed positive correlations of the sfForearm thickness with the other skinfolds (p<0.001). The correlation was high with sfBiceps (r=0.83) and sfCalf (r=0.71); strong -with sfSuprailiaca, sfXrib, sfAbdomen, sfSubscapular, sfTriceps and sfThigh (r=0.50-0.70).
The thickness of sfCalf in diabetic females was signifi cantly lower than the healthy controls (p<0.01). It was thicker than sfForearm, and sfBiceps, but was thinner than sfSubscapular, sfXrib, sfAbdomen and sfThigh (ANOVA, p<0.001). The correlation analysis revealed positive correlation of the sfCalf thickness with the other skinfolds (p<0.001). The correlation was high with sfTriceps (r=0.73), sfBiceps (r=0.74), sfForearm and sfThigh (r=0.71); strong -with sfSuprailiaca, sfXrib, sfAbdomen and sfSubscapular (r=0.50-0.70).
The accumulation of subcutaneous adipose tissue in patients with type 2 diabetes was higher in the torso than in the limbs. In contrast, the controls exhibited the opposite distribution. In women with type 2 diabetes the accumulation of subcutaneous adipose tissue was larger in the upper half of the body than in the lower half. The controls exhibited the opposite distribution ( Table 2) .
The BMI of the diabetic women was signifi cantly known as central or visceral obesity, was more closely related to T2DM than the general obesity, as visceral fat was more metabolically active and produced more insulin resistance. [6] [7] [8] [9] Similar data we observed in Bulgarian women aged 40-60 with a diagnosis of T2DM. The values of the '% fat higher than that of the healthy controls (p<0.001) ( Table 3 ). The body composition of diabetic females demonstrated a larger amount of adipose tissue than the controls. The values of the % body fat tissue of diabetic women were signifi cantly higher than the controls (p<0.01). Approximately 40% from the body composition of the diabetic females was fat mass (FM) and the amounts of FM were also signifi cantly higher than those of the controls (p<0.001). The values of the subcutaneous fat tissue in the controls, however, were higher compared to those of diabetic women (p<0.05). The data concerning the fat tissue components determine the body composition of diabetic patients as an important parameter regarding the prognosis of T2DM. The values of visceral fat tissue were signifi cantly higher in the diabetic women, than in the controls (p<0.001).
DISCUSSION
It has been found that abdominal obesity, also mass', 'visceral adipose tissue' and 'adipose tissue' were statistically higher in women with T2DM than in the healthy controls. It was considered that this type of obesity increased the risk of pathological changes in other systems along with the progress of T2DM. [10] [11] [12] Attention should be paid to the distribution of subcutaneous adipose tissue in patients with T2DM. We found that in patients with T2DM the accumulation of subcutaneous adipose tissue was primarily in torso and less so in the limbs. Moreover, the accumulation of adipose tissue was predominantly in the upper body as compared to the lower, the so-called 'apple shaped' pattern of distribution. These patients have a worse anthropological status, which would lead to a more severe clinical course of the disease. [13] [14] [15] [16] In controls the deposition of adipose tissue was predominantly in the limbs and mainly in the lower part of the body, the so-called 'pear shaped' pattern. Folia Medica I 2018 I Vol. 60 I No. 3 As for the measurement of skinfold thickness, a positive correlation was established among them. An interest induced the data indicating that skinfolds from topographically neighboring areas were in a stronger correlation with each other than did skin folds from distant topographical areas. Some authors have reported the importance of adipose tissue accumulation in the anterior abdominal wall. 17 In our investigation, the sfAbdomen was the thickest, compared to the other studied skinfolds in patients with T2DM, but it did not differ signifi cantly from the thickness of the corresponding skinfold in controls. Moreover, considerably greater thickness was measured in some skinfolds in the control group than in the corresponding skinfolds in patients with T2DM, as happened with sfTriceps, sfThigh and sfCalf. These facts confi rmed the greater importance of the accumulation of visceral than of subcutaneous fat for the course of the disease. 18 The levels of total weight and BMI were higher in diabetic women. They showed that women with T2DM were overweight and fattened compared to healthy controls, but these values had less importance to the course of the disease compared with the above-described parameters. 19 More original data about the anthropological status of Bulgarian patients with T2DM were published in our previous publications. 20 
CONCLUSION
The body composition of diabetic females aged 40-60 years contained a larger common adipose component than the controls.
The subcutaneous adipose tissue was accumulated mostly on the upper part of the torso. In the group of healthy women (controls), the subcutaneous adipose tissue was accumulated mostly in the peripheral part of the body (arms, thighs and lower legs).
The bioelectrical impedance analysis of the body composition demonstrated that the visceral adipose tissue in females patients suffering from T2DM was signifi cant more expressed than the healthy controls. It applied to visceral adipose tissue which determined the body composition in persons with T2DM as unfavorable to the progress of the disease.
The complex study including anthropometry of adipose tissue in women with T2DM would support the evaluation of the clinical course, treatment, and prognosis of the disease.
This study is a part from the larger survey including female patients 61-80 years as well as male patients from the both age groups in Bulgaria.
The anthropological parameters provided a large data base, specifi c for Bulgarian population. Using the anthropological parameters it will be possible to calculate the components of the somatotype by Heath and Carter method of somatotyping, as well as other indexes. They will reveal the anthropological status of Bulgarian patients suffering from T2DM.
